This study aims to evaluate the hand function after flexor tendon repair (FTR) and to investigate factors associated with functional outcomes.
Hand injuries are common and f lexor tendon injuries (FTIs) are more common than extensor tendon injuries of the hand. [1, 2] Despite this, optimal surgical and postoperative treatment for f lexor tendon repair (FTR) has not been established, yet and there is a great variability in the with good outcomes being achieved in specialized hand units. [3] Based on the literature data, the possible factors which affect the outcomes of FTR include age, language barriers, smoking, mechanism of injury, zone of injury, extent of injury including the number of digits injured and associated injury, time elapsed from injury to surgery, surgical technique, postoperative rehabilitation protocol, and adherence to therapy. [2, 4] Post-FTR outcomes are most frequently determined measuring the impairments in the body structure and functions, such as the range of motion (ROM) and strength. Most studies on FTR outcomes have been conducted in developed countries, and the number of such studies is very limited in developing countries.
The postoperative outcomes in patients undergoing FTR may differ between individuals, due to the lack of resources, higher postoperative infection rates, and lower levels of education. [4] [5] [6] Individuals with higher levels of education experience better health outcomes. [7] Postoperative functional outcomes may be also influenced by nosocomial infections which contribute to the high burden of infection and are disproportionately high in clinical facilities with limited resources. [8, 9] Time elapsed between injury and surgery may also contribute to the functional outcomes. In specialized hand centers, patients are likely to undergo surgery sooner after the injury than those in lower-volume facilities. [10, 11] Therefore, postoperative functional outcomes between specialized hand centers and lowervolume hospitals may differ. In the present study, we aimed to evaluate the hand function after FTR and to investigate factors associated with functional outcomes. [12] 
PATIENTS AND METHODS
This longitudinal, observational, descriptive study was conducted at a tertiary state hospital in Johannesburg, South Africa between January 2013 and September 2015. Inclusion criteria were as follows: having a sustained FTI in any zone, in any finger, with any associated neurovascular and/or bony injury; and being over the age of 14 years. Those who had a previous injury to the affected or unaffected hand resulting in a ROM and/or strength deficit were excluded from the study.
Eleven factors which affect the post-FTR outcomes were identified through the literature search. For every factor considered to have a possibility of influencing the results of the study, at least 10 participants are required. [13] Thus, a total of 110 participants were required for this study. Considering 15% drop rate due to lost-to-follow-up, minimum 126 patients were required. Accordingly, a total of 126 patients (84 males, 42 females; mean age 31 years; range, 15 to 62 years) who underwent FTR due to FTIs were included in the study.
Outcome measures
Hand function was measured using the Jebson Hand Function Test (JHFT). [14] This measures the time it takes to complete seven functional tasks with both dominant and non-dominant hands: writing, turning over cards, picking up small common objects, simulated feeding, stacking checkers, picking up large light objects, and picking up large heavy objects. The longer the time taken to complete the tasks, the higher the level of function limitation. [15] The JHFT times were recorded in the format of min: sec: msec. The final value was converted into sec for ease of analysis.
The Quick Disabilities of the Arm, Shoulder and Hand outcome measure (Quick DASH) was also used. [16] It measures the upper limb function, up to participation level, using the optional work and sport modules. The Quick DASH was scored using this formula: ([sum of n responses/n] -1) ¥25 for both the main disability and work components of the tool. The scores range from 0 to 100, with 0 indicating the least disability and 100 indicating most disability. [17] Procedure Every week day, the researcher obtained theatre lists from the hospital hand surgeons and identified the patients who were scheduled for FTR. Each patient, then, underwent surgery and was treated by an occupational therapist (OT) for four weeks after surgery. The OT protocols included passive motion, controlled active motion, and early active motion protocols. At four weeks of surgery, physiotherapy was initiated and the patients attended to a treatment session which included splint removal, scar management, place and hold hand exercises, active isolated joint movements, tendon-gliding exercises, and active wrist exercises. The patients were seen once every two weeks for 30 min. At eight weeks of surgery, passive extension exercises and strengthening exercises were introduced. At three months, all patients were informed that they could use their hand, without any restraint, for all activities of daily living.
At the first assessment which was carried out four weeks after surgery, a data collection form including details for demographics, injury, surgery, rehabilitation, and postoperative complications was completed. The sections regarding rehabilitation and postoperative complications were supplemented at three-and sixmonth assessment visits, where applicable.
The JHFT and the Quick DASH which were administered by the interviewer were used at three and six-month assessment visits. The optional work module of the Quick DASH was completed, if the participant was employed prior to sustaining their injury. A pilot study was conducted successfully.
A written informed consent was obtained from each patient. The study protocol was approved by the University of the Witwatersrand, Ethics Committee for Research on Human Subjects (No. M130748). The study was conducted in accordance with the principles of the Declaration of Helsinki.
Statistical analysis
Statistical analysis was performed using the IBM SPSS version 25.0 (IBM Corp, Armonk, New York, USA). Descriptive statistics were expressed in mean ± standard deviation (SD), median (min-max), or number and frequency. A Wilcoxon signed-rank test was used to compare median scores of Quick DASH and JHFT times over the study period. A t-test was used to compare the JHFT times with established norms and to identify whether the outcome variables varied across two different categories of the predictor variable. A one-way analysis of variance (ANOVA) was used to compare more than two categories. Correlation analysis was performed among the variables using one-way ANOVA to determine factors which were significantly correlated with six-month Quick DASH scores. A p value of <0.05 was considered statistically significant.
RESULTS
Of all 126 patients, 94 (75%) and 72 (56%) completed the three-month and six-month assessment visits, respectively. Seven patients attended to their six-month assessment visit, but not to three-month assessment visit and finally 51.5% patients (n=65) had complete data. The demographic characteristics of the patients are shown in Table 1 . Injury-related characteristics are summarized in Table 2 . In most of the patients (61.5%, n=40), the dominant hand was injured with the main cause of injury being accidental (43%, n=28). The zone V (40%, n=26) was the most affected site and the ulnar nerve was the most commonly associated injury (21.5%, n=14).
The mean time elapsed between injury and surgery was 11±15 days (n=65) with most of the patients (57%, n=37) undergoing FTR within a week of sustaining their injury. Almost half of the patients (48%, n=31) 0.02* Data are given in mean±SD, unless otherwise stated; JHFT: Jebson Hand Function Test; FTR: Flexor tendon repair; * Indicates a significant difference between the means of this sample and the norms; ** SA norms: Govender [18] ; JHFT norms:
Jebsen et al. [14] had four-strand repair, and 68% of the patients (n=44) experienced one or more complications after FTR. The most common complication was tenodesis/adhesions (25%, n=16), followed by contracture (22%, n=14) and infection (9%, n=6). Of 65 patients, 2% (n=1) had an excellent outcome, 32% (n=21) had a good outcome, 32% (n=21) had a fair outcome, and 34% (n=22) had a poor outcome in terms of the ROM. At six months after FTR, the mean power grip was 60±25% (n=65) of the unaffected hand, while the mean pinch grip was 52±42% (n=65) of the unaffected hand.
The most commonly used protocol for postoperative rehabilitation was a passive motion protocol, which 88% (n=57) of the patients received. The majority of the patients (75%, n=49) were compliant with splinting. The mean adherence to therapy attendance was 91±13% (n=65) with 59% (n=38) of the patients having 100% attendance in the first 12 weeks after FTR. A total of 52% of the patients (n=34) completed treatment and 17% of the patients (n=11) were still receiving hand therapy at the time of completion of data collection.
The overall change in median JHFT time from three to six months was significant with an improvement of eight sec (p<0.001) and seven sec (p<0.001) in the non-dominant and dominant hand, respectively. The JHFT is measured according to dominant and non-dominant hands, rather than affected and unaffected hands. Times for individual domains of the JHFT and a comparison with the norms established by Jebsen et al. [14] and Govender [18] are shown in Table 3 for female and male patients. The mean time (as opposed to the median time) was used, as the established norms, with which these times were compared, are presented in a mean value. According to the Jebsen et al.'s [14] norms, the 20-59 age category was used, as the majority of the patients (97%, n=63) in the current study fell within this age range.
Female patients were significantly slower stacking checkers with both dominant and non-dominant hands, picking up small objects with the non-dominant hand and writing with the dominant hand, but significantly faster at picking up light objects with the non-dominant hand. Male patients were significantly slower at writing, picking up small objects and were slower stacking checkers with the non-dominant hand, but significantly faster at page turning and picking up light objects with the non-dominant hand.
The Quick DASH and Work module scores at three and six months are shown in Table 4 . The improvement rate in the Quick DASH and Quick DASH Work module scores from three to six months was 6.81% (p<0.001) and 6.25% (p<0.001), respectively.
The correlations between the Quick DASH and predictors are presented in Table 5 . The patients who had an injury in zone IV or who were unable to speak English were more likely to score higher on the Quick DASH, indicating higher levels of disability. As the Quick DASH score is significantly associated with zone of injury and presence of a language barrier, the patients who had an injury in zone IV or who were unable to speak English were more likely to score higher on the Quick DASH. Although the zone I category has the highest Quick DASH score, there was only one patient in this category in our study and considering the SD and the fact that there were three patients in the zone IV category, it was concluded that the patients with zone IV injury had the higher mean scores on the Quick DASH.
DISCUSSION
In the present study, we evaluated the hand function after FTR and investigated factors associated with functional outcomes. Our study results showed that zones II (29%) and V (40%) were the most commonly affected zones. Similarly, de Jong et al. [1] and Hung et al. [19] found that zone II was the most commonly injured flexor tendon zone with a much lower rate of zone V injury (6.7% and 17%, respectively), compared to our study. In general, FTR studies do not include zone V injuries due to the higher likelihood of an associated peripheral nerve injury, which is often an exclusion criterion. [20] The lack of associated nerve injury as a part of the exclusion criteria in this study may explain the higher rates of zone V injuries in this patient population.
The most commonly adapted protocol for postoperative rehabilitation is a passive motion protocol. This is consistent with Venter [21] and Mncube and Puckree [22] who concluded that therapists working in the government settings in South Africa preferred passive motion protocols, as the patients were unable to attend therapy sessions regularly. In addition, the use of active motion protocols requires a four-strand repair and a patient who is fully able to understand the precautions and is motivated and compliant. In this study, the four-strand repair was not always done, which would lead therapists to lean toward a more conservative passive motion protocol. This is not consistent with the rest of the world's move toward more active protocols, which are considered the gold standard of FTR rehabilitation. [23, 24] However, in our study, the patients still had improved functions.
In the present study, the mean adherence rate to therapy attendance was 91±13% (n=65). Most studies examined adherence to splint wear, rather than adherence to appointment attendance, making it difficult to compare attendance rate from this study with other researches. [25, 26] The majority of the patients (75%) in our study were compliant with splint wear and did not remove their splints by themselves at home within the first four weeks of FTR. These adherence levels were much higher than those by Sanford et al., [25] and Kaskutas and Powell [26] who found that patients removed their splints by themselves at a rate of 67.1% and 59%, respectively. In the Sanford, Barlow, and Lewis's [25] study, adherence was examined using an anonymous questionnaire, rather than by asking the patient directly whether they removed their splint at home, as in the current study. It is possible that participants are more likely to be truthful about their adherence to splint wear, when answering questions anonymously rather than face-to-face with a therapist, who they may desire to avoid any disappointment; therefore, the slightly lower [25] study may be more accurate than the current study.
On the other hand, functional outcomes of patients in this study cannot be compared with those in the literature due to the differences in the interpretation of the results. Trumble et al. [27] used the JHFT as one of their outcome measures after FTR in their study comparing active and passive motion and found that the JHFT did not show a significant difference between the two groups, despite a significant difference in the ROM and patient satisfaction rates. The authors did not report the actual times taken by the participants to perform the JHFT, making it impossible to compare this study's results with theirs. Thus, it is more reasonable to compare our results with the established norms.
Writing and stacking checkers showed the most significant differences compared to the established norms across both dominant and non-dominant hands and male and female participants. One of the reasons for this could be that, as in many South Africans, hand writing might not be a commonly performed activity by the patients. [18] For the stacking checkers subtest, it has been acknowledged that this does not replicate any activity of daily living and was considered by Jebsen et al. [14] to be the least functional of all the subtests. [18] There was a difference between male and female participants' times in the performance of certain hand function-related tasks in this study. This finding is not unique, as Karantana et al. [28] (as cited in Govender [18] ) found that women might be more cautious, leading to slower task completion and women tended to perform better in tasks requiring fine motor skills. However, Jebsen et al. [14] could not find any specific explanation for the variation in times between men and women.
In our study, we also found a statistically significant improvement (p<0.001) in the mean JHFT times from three to six months; however, the minimal clinically important difference (MCID) for the JHFT has not been established, yet and, therefore, there is no value with which to compare this improvement to ascertain whether this was a clinically important change. Using the Quick DASH scores, the improvement was also statistically significant (p<0.001); however, a change of 6.81% is less than the MCID of 8% points, indicating that the change is unlikely to be of clinical importance. Normative values have been established for the DASH questionnaire, but not for the Quick DASH. Hunsaker et al., [29] in a large survey of the general American population, found that the general population would score a mean of 10.1±14.68 on the DASH. Aasheim and Finsen [30] also found the mean DASH score for the Norwegian population to be 13, suggesting that the mean Quick DASH scores were similar to the DASH scores. Considering the Aasheim and Finsen's [30] results that one could compare DASH and Quick DASH scores, a mean Quick DASH score of 19.34±16.89 in this sample was much higher than the previously mentioned norms, indicating a higher level of disability in this sample, compared to the general population.
Return to work (RTW) is another measure of participation. Most of the patients who were employed prior to their injury returned to work after surgery. There has been much research in RTW and the factors which affect RTW in hand-injured patients. [31] [32] [33] [34] Bruyns et al. [31] examined the patients with median and ulnar nerve injuries and found that 59% of them had RTW within one year with a mean off-work time of 31.3 weeks. The RTW in this sample was higher at six months (71%) than the results of Bruyns et al., [31] although this sample consisted of a fair number of participants with median and/or ulnar nerve injuries. The RTW can contribute to life satisfaction, wellbeing, self-worth, and social identity, at least partly through independence gained from income generation. [35] The factors which had a significant correlation with functional outcome at six months of FTR were zone of injury and language barrier. Injury in zone IV was associated with worse scores on the Quick DASH, indicating a higher level of disability. Although zone IV injuries can be complicated due to their proximity to the carpal tunnel, [36] the fact that zone IV injuries had the worst outcome in this study was unexpected. One would assume that either zone II injuries, which are notorious for poor results, [37, 38] or zone V injuries, in which there are more likely to be multiple digit injuries and associated peripheral nerve injury, would have the worst results. In our study, two of three patients who were injured in zone IV had associated peripheral nerve injury -one had a median nerve injury and the other had a combined median and ulnar nerve injuryand such an injury to the nerves affects the ROM, strength, sensibility, and hand function, [37] which could be a possible reason for the worse outcomes. However, associated injury was found to affect both the power and pinch grip strength at six months after FTR, consistent with the findings of Trumble et al. [27] and Starnes et al., [37] who showed that, in the presence of an associated bony or neurovascular injury, poorer results could be achieved.
The presence of a language barrier was also found to affect the outcome after FTR. A possible reason for that in this study is that the therapists were able to speak English which was not the language spoken by the patients. This may limit communication of strict instructions and the importance of rehabilitation after FTR. If the patient understands both of them, they would be less likely to unintentionally be non-adherent with splint wear and the home-based exercise programme, all of which are important to the post-FTR functional outcomes. [23] However, it is difficult to compare this result with other studies due to a lack of research regarding language barriers in FTR. This lack of research is likely due to the fact that most FTR researches have conducted in developed countries where the medical staff speaks the same language as patients and, therefore, so language barriers are not often a concern for post-FTR.
The small sample size of our study precludes the generalization of the results, which can be considered a limitation. In addition, the final functional outcomes might have been more accurately assessed in the longterm (i.e., at 12 months).
In conclusion, our study results showed that the JHFT and Quick DASH scores of the patients were less than the established norms, although functional outcomes improved over time. Based on these results, we suggest that the presence of zone IV FTI and language barrier are associated with poor functional outcomes. In addition, the rate of RTW among the employed patients prior to injury was good.
